In this work, we investigate those B c → D ( * ) T decays in perturbative QCD approach, based on k T factorization, where T denotes a light tensor meson. For all decays considered in this work, there are no contributions from factorizable emission diagrams because the emitted meson is the tensor meson. We find that the annihilation amplitudes are dominant in these decays due to the large Cabibbo-Kobayashi-Maskawa elements, which are only calculable in the pQCD approach.
I. INTRODUCTION
After the first observation was reported in 1998 by the CDF collaboration [1] , which was confirmed until 2008 by CDF and D0 collaboration [2] at Tevatron in excess of 5σ significance, the study of B c meson is becoming one of the currently interesting topics, especially since the Large Hadron Collider (LHC) experiment ran normally. From the point of structure, the B c meson is a ground state of two heavy quarks' system, with a c quark and ab quark, which is very different from the symmetric heavy quarkonium (cc,bb) states, due to the flavor B = −C = ±1 carried by B c meson. Since the B c meson carries explicit flavor, it can not annihilate via strong interaction or electromagnetic interaction like the mesons consisting ofcc orbb. It can only decay via weak interaction. Thus it provides us an ideal platform to understand the weak interaction of heavy quark flavor [3, 4] . Unlike the heavy-light B q meson (q= u, d, s), both theb and c can decay with the other as spectator, or they annihilate into pairs of leptons or light mesons. If more data become available, the B c physics must be a good place to study the perturbative and nonperturbative QCD dynamics, final state interactions, even the new physics beyond the standard model [3, 4] . In recent years, many theoretical studies on the production and decays of B c meson have been done based on Operator Production Expansion [5, 6] , nonrelativistic QCD (NRQCD) and perturbative methods [7] [8] [9] [10] [11] , QCD sum rules [12, 13] , SU(3) flavor symmetry [14] , IsgurScora-Grinstein-Wise (ISGW) quark model [15] [16] [17] , QCD factorization approach [18, 19] , and the perturbative QCD (PQCD) approach [20] [21] [22] [23] [24] [25] [26] .
The B meson decays involving a tensor meson have been studied in refs. [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . In refs. [16, 17] , the authors have studied some analogous B c decays involving a tensor meson in final states, but only with the tensor meson as the recoiled meson. In this work, we focus on the B c → D ( * ) T decays, where T denotes a light tensor meson with J P = 2 + , which is emitted from vacuum. We know that factorizable amplitude proportional to matrix element < T | j µ | 0 > ,where j µ is the (V ± A) or (S ± P ) current, does not contribute because this matrix element vanishes from lorentz covariance considerations [28, 29, 33, 34] , so these B c → D ( * ) T decays are prohibited in naive factorization. To our knowledge, these decays are never considered in the theoretical papers due to this difficulty of factorization. In order to give the predictions to these decay channels, it is necessary to go beyond the naive factorization to calculate the nonfactorizable and annihilation diagrams. What is more, the annihilation amplitudes will be dominant in considered B c → D ( * ) T decays because they depend upon the large Cabibbo-Kobayashi-Maskawa (CKM) elements V cb and V cs(d) .
It is worth of mentioning that the PQCD approach is almost the only method can do the quantitative calculations of the annihilation type diagrams [41, 42] . The PQCD approach have successfully predicted the pure annihilation type decays B s → π + π − [43, 44] and 45, 46] , which have been confirmed by experiments later [47, 48] . So, for these annihilation dominant decays, the calculation in PQCD approach is reliable.
In this paper, we shall study these B c → D ( * ) T decays in the PQCD approach, which is based on the k T factorization [49] [50] [51] . In this approach, we keep the transverse momentum of quarks, and as a result, the end-point singularity in collinear factorization can be avoided. On the other hand, the double logarithms will appear in QCD correction due to the additional energy scale introduced by the transverse momentum. Using the renormalization group equation, the double logarithms can be resumed, which results in the Sudakov form factor. This factor effectively suppresses the end point contribution of the distribution amplitude of mesons in the small transverse momentum region, which makes the calculation in PQCD appraoch reliable and consistent.
In these decays, there is one more intermediate energy scale, the D meson mass. As a result, another expansion series of m D /m Bc will appear. The factorization is only approved at the leading of m D /m Bc expansion [52, 53] , which has also been proved by soft collinear effective theory [54] . Therefore, we will take only the leading order contribution in account, unless explicitly mentioned.
This paper is organized as follows. In Sec.II, we present the formalism and wave functions of the considered decays. Then we perform the perturbative calculations for considered decay channels with the PQCD approach in Sec.III. The numerical results and phenomenological analysis are given in Sec.IV. Finally, Sec.V contains a short summary.
II. FORMALISM AND WAVE FUNCTION
In order to give the predictions for these considered B c → D ( * ) T decays, the key step is to calculate the transition matrix elements:
where the weak effective Hamiltonian H ef f can be written as [55] 
with V qb(X) and V tb(X) (X = d, s) the CKM matrix elements. O j (j = 1, ..., 10) are the local four-quark operators:
current-current (tree) operators
QCD penguin operators
electro-weak penguin operators
where α and β are the color indices and q ′ are the active quarks at the scale m b , i. e. 
The combinations a i of the Wilson coefficients are defined as [56] :
In hadronic B decays, there are several typical scales, and expansions with respect to the ratios of the scales are ususlly carried out. 
where b i is the conjugate variable of quark's transverse momentum k iT , x i is the momentum fractions of valence quarks and t is the largest scale in the hard part H(x i , b i , t). The jet function S t (x i ), which is obtained by the threshold resummation, smears the end-point singularities on x i [57] . The Sudakov form factor e −S(t) is from the resummation of the double logarithms, which suppresses the soft dynamics effectively i.e. the long distance contributions in the large b region [58, 59] . Thus it makes the perturbative calculation of the hard part H applicable at intermediate scale, i.e., m B scale.
In the PQCD approach, the initial and final state meson wave functions are the most important non-perturbative inputs. For B c meson, we only consider the contribution from the first Lorentz structure, like
For the distribution amplitude, we adopt the model [20] :
in which exp − As discussion in ref. [27] , for these B c → D ( * ) T decays, the ±2 polarizations (J P = 2 + )
do not contribute due to the angular momentum conservation argument. Because of the simplification, the wave functions for a generic tensor meson are defined by [27] 
where
The asymptotic twist-2 and twist-3 distributions are: [27] [28] [29] φ ,⊥ (x) = 30x(1 − x)(2x − 1),
These light-cone distribution amplitudes (LCDAs) of the light tensor meson are asymmetric under the interchange of momentum fractions of quark and anti-quark in the SU (3) limit because of the Bose statistics [28, 29] .
For D ( * ) meson, in the heavy quark limit, the two-parton LCDAs can be written as refs.
[20, 60-63]
For the distribution amplitude for D meson, we take the same model as that used in Refs.
[ [61] [62] [63] . [65] . 
(ii) (V-A)(V+A) operators:
(iii) (S-P)(S+P) operators:
where C F = 4/3 is the group factor of SU (3) c . The hard scale t a(b) and the functions E enf and h enf can be found in Appendix A. 
(ii)(S-P)(S+P) operators:
with r c = m c /m Bc . m c is the mass of the c quark. t c(d) , E af and h af 1(2) are also listed in Appendix A.
The last two diagrams in Fig.1 are the nonfactorizable annihilation diagrams, whose contributions are
with r b = m b /m Bc . t e(f ) , E anf and h anf 1(2) are also listed in Appendix A.
With the factorization formulae obtained in the above, for these B c → DT decays, the total amplitudes containing the Wilson coefficients and CKM elements can be written as
From Eq.(41), we know that
with θ = 7.8
• .
The amplitudes of B c → D * T decay can be decomposed as
where A N contains the contribution from the longitudinal polarizations, while A s and A 
IV. NUMERICAL RESULTS AND DISCUSSIONS
The decay width of a B c meson at rest decaying into D and T meson is
where the momentum of the final state particle is given by
The masses and decay constants of tensor mesons needed in the numerical calculations are summarized in Table I . Other parameters such as QCD scale (GeV), the mass (GeV) and 
For the CKM matrix elements, here we adopt the Wolfenstein parameterization, and take A = 0.808, λ = 0.2253,ρ = 0.132 andη = 0.341 [48] . 
Like the η − η ′ mixing, the isoscalar tensor states f 2 (1270) and f ′ 2 (1525) also have a mixing and can be given by
with f For B c → D * T decays, with three kinds of polarization amplitudes, the decay width can be written as The CP averaging branching ratios and the direct CP asymmetries for the considered decay modes by using the PQCD approach are summarized in Tables II and III The third error is from the uncertainties of the CKM matrix elements. It is easy to see that the most important theoretical uncertainty is caused by the non-perturbative hadronic parameters, which can be improved by experiments.
It is easy to find that there are large theoretical uncertainties in any of the individual decay channel calculations mostly due to the shortage of the Tensor meson property. In order to reduce the effects of the choice of input parameters, we define the ratios of the branching ratios between relevant decay modes:
It is obvious that any significant deviation from the above relations will be a test of factorization or signal of new physics. For all considered B c → D ( * ) T decays, the factorizable emission diagrams do not contribute, because the tensor meson can not be produced through local (V ± A) and (S ± P ) currents. But these decays can get contributions from nonfactorizable and annihilation diagrams. In fact, most of these decays are dominant by the W annihilation diagrams (A) as classified in the tables. There are only four decay channels, which are dominated by the color suppressed (C) or penguin (P) diagrams. As we know, usually the annihilation diagrams are power suppressed comparing with the emission diagrams in PQCD approach. But for these considered decay channels, the contributions from the annihilation type diagrams are enhanced by the large CKM elements V cs(d) and thus play a crucial role in amplitudes.
From Table II and III, one can find that most of the predicted branching ratios are in the order of 10 −6 or even bigger. As stated in ref. [3, 4] , the LHC experiment, specifically the LHCb, can produce around 5 × 10 10 B c events each year. The B c decays with a decay rate at the level of 10 −6 can be detected with a good precision at LHC experiments [14] . On the basis of our predictions, most of these B c → D ( * ) T decays can be observed in the experiments soon. On the other hand, since the contributions from penguin operators are so small comparing with the contributions from tree operators, the direct CP asymmetries are all
decay, the tree contributions from f q 2 term are suppressed by the mixing angle (see 41) , to be at the same level with penguin contributions from f s 2 term. The interference is sizable, thus the direct CP asymmetry is around -50%. Unfortunately, this decay channel is not accessible easily by current experiments due to a too small branching ratio.
For B c → D * T decays, we also calculate the percentage of the transverse polarization R T , which can be described as
Usually from naive factorization expectation, the longitudinal polarizations dominate the branching ratios of B decays. However, from numerical results shown in Table III be dominant due to the quark helicity analysis [72, 73] . The ratio is only around 10%. 
where the s(Q, b) can be found in the Appendix A in the ref. [50] . The function h enf can be given as
with
For the rest of diagrams, the related functions are summarized as follows:
The S t (x) is the Jet function with the expression as [57]
where c = 0.3. For the nonfactorizable diagrams, we omit the S t (x), because it provides a very small numerical effect to the amplitude [70] .
with j = 1, 2.
Appendix B: factorization formulae for B c → D * T For longitudinal polarization, the decay amplitude of various diagrams and various effective operators are 
